ABSTRACT. The object of this study was to evaluate the usefulness of measuring the differences in the values of the serum total protein (DVSTP) concentration of foals and the refractometry index (DVRI) of the milk of dams before and after nursing of the colostrum for assessing failure of passive transfer (FPT) in foals. Serum samples from 31 foals were collected before the first nursing and other 1 to 6 times between 4 and 24 hr after birth. Paired colostrum and milk samples were collected from 14 of their dams at the same time. Serum samples were analyzed for IgG concentration using a single radial immunodiffusion (SRID) test (98 samples) and total protein concentration using a temperature-compensating refractometer (98 samples). Colostrum and milk samples were analyzed for refractometry index (RI) using a Brix refractometer (71 samples). DVSTP concentration and DVRI were significantly correlated with serum IgG concentration. The negative predictive values (NPVs) of DVSTP concentration for detecting serum IgG concentrations<400 mg/dl and<800 mg/dl were 98.2% and 91.3% when the cutoff value is set to 0.4 mg/dl and 0.8 mg/dl, respectively. Furthermore, the NPVs of DVRI for detecting serum IgG concentrations<400 mg/dl and<800 mg/dl were 97.3% and 96.3% when the cutoff value is set to 6% and 10%, respectively. The results suggest that measurement of DVRI is useful in assessing FPT as an initial "stall-side" screening test, because it is easy, inexpensive to perform and allows for rapid interpretation. Foals have low concentrations of circulating immunoglobulins at birth, because the diffuse epitheliochorial placenta does not allow antibody transfer during pregnancy [16, 19, 30, 43] . Foals are entirely dependent on maternal immunoglobulins (primarily IgG) absorbed through ingestion of mare's colostrum in the first 24 hr of life. Successful absorption of immunoglobulins prevents systemic infection during the lag time between exposure to pathogens and development of protective immune response [19, 20] . Transfer of maternal antibodies is critical for the well-being of foals. Failure of passive transfer (FPT) significantly increases the risk of infections and death [10, 31, 32] . A foal greater than 24 hr of age is considered to have FPT, if the serum IgG concentration is less than 400 mg/dl. A serum concentration of 400 to 800 mg/dl over 24 hr after birth is considered partial FPT [16, 31] , and a serum concentration greater than 800 mg/dl is considered adequate for protection [16, 25] , although many normal foals have much higher concentrations [31] . The incidence of FPT in foals ranges from 3-24%, and that of partial FPT ranges from 14-31% [2, 24, 27, 29, 31, 35, 37, 44] .
Foals have low concentrations of circulating immunoglobulins at birth, because the diffuse epitheliochorial placenta does not allow antibody transfer during pregnancy [16, 19, 30, 43] . Foals are entirely dependent on maternal immunoglobulins (primarily IgG) absorbed through ingestion of mare's colostrum in the first 24 hr of life. Successful absorption of immunoglobulins prevents systemic infection during the lag time between exposure to pathogens and development of protective immune response [19, 20] . Transfer of maternal antibodies is critical for the well-being of foals. Failure of passive transfer (FPT) significantly increases the risk of infections and death [10, 31, 32] . A foal greater than 24 hr of age is considered to have FPT, if the serum IgG concentration is less than 400 mg/dl. A serum concentration of 400 to 800 mg/dl over 24 hr after birth is considered partial FPT [16, 31] , and a serum concentration greater than 800 mg/dl is considered adequate for protection [16, 25] , although many normal foals have much higher concentrations [31] . The incidence of FPT in foals ranges from 3-24%, and that of partial FPT ranges from 14-31% [2, 24, 27, 29, 31, 35, 37, 44] .
Early testing for serum IgG concentration in newborn foals can identify potential cases of FPT. Several screening tests have been developed over the years for evaluating the IgG concentration in foals. The single radial immunodiffusion (SRID) test is considered to be the most accurate test for quantitative measurement of IgG concentration in foals [41] . However, results of SRID test are generally not available for 24 hr. The 24-hr delay in obtaining test results decreases the usefulness of this test for routine use on a breeding farm, in a field situation or at a veterinary clinic because rapid results are required for therapeutic intervention in FPT cases in foals [1] .
Several rapid tests for practical use have been used to estimate IgG concentrations in foals, including the glutaraldehyde coagulation test [5, 9] , zinc sulfate turbidity test [4, 41] , latex agglutination test [22, 47] , enzyme immunoassay [6, 38] , turbidimetric immunoassay [4, 11] and measurement of serum total protein (STP) concentration [12, 41] . Many of these tests are now commercially available as kits for use on a breeding farm or at a veterinary clinic. One of the most rapid and inexpensive tests is measurement of the STP concentration by refractometry. The major advantage of this test is that it can be performed without having to send a sample to a specialized laboratory. This means this test may be routinely used on a breeding farm or in a field situation, because rapid results are required for determin-ing the necessity of therapeutic intervention in FPT cases in foals. However, several reports have indicated that this test is an unreliable indicator of FPT in foals [12, 34, 41] because unlike in calves, there is a wide range of STP concentrations in newborn foals [41, 45] .
The most common risk factor for the development of FPT is considered to be poor colostrum quality of the dam (i.e., IgG concentration of<3,000 mg/dl) [28, 29, 31, 35, 46] . Therefore, a logical first step in the prevention of FPT is to determine colostrum quality in the immediate postpartum period before the foal's first nurse. Several reports have indicated that the serum IgG concentration in a newborn foal correlates well with the IgG concentration in its dam's colostrum [13, 24, 26, 28, 35] . Common qualitative techniques used to assess colostrum quality include the colostrometer [28] and Brix (or sugar) refractometer [7, 8] . The Brix refractometer is a more precise, more repeatable and easier to perform in a field assessment of IgG concentration in colostrum compared with the colostrometer [8] . Furthermore, there is a report that Brix refractometer evaluation of equine colostrum quality has been shown to be highly correlated with foal plasma IgG concentrations (r=0.85) as measured by the SRID test [8] . Therefore, the Brix refractometer has been the best method to assess equine colostrum quality "stallside". However, one report has indicated that foals that fail to nurse due to neonatal weakness or delayed development of the nursing reflex have low IgG concentrations despite adequate Brix refractometer readings of colostrum [7] .
We hypothesized that assessment of the colostrum refractometry index (RI) by Brix refractometer and measurement of the foal STP concentration by temperature-compensating refractometry would be more reliable methods as an indicator of a foal's FPT if the differences in the values of refractometry index (DVRI) and of STP (DVSTP) before and after nursing colostrum could be measured. The objective of the study reported here was to determine the correlation between these methods and foal serum IgG concentrations by the SRID test. An additional objective was to determine the usefulness of these methods as an indicator of a foal's FPT in a natural setting.
MATERIALS AND METHODS

Animals:
Thirty-one newborn thoroughbred foals and their dams were employed for this study during 2007-2010 at the Hidaka Training and Research Center in Hokkaido, Japan. All horses were privately owned by the research center. All mares were turned out to pasture between 0800 and 1500 hr and stabled individually in box stalls overnight. The mares were observed for foaling throughout their stay in the stalls by use of video monitoring. This study was approved by the Animal Care and Use Committee at Hidaka Training and Research Center.
Serum and colostrum samples: Serum samples from 23 foals were collected before the first nursing and once again between 12 and 24 hr after birth. Paired colostrum and milk samples were also collected from 6 of their dams at the same time. In addition, serum samples from other 8 foals were collected before the first nursing and other 3 to 12 times between 1 and 24 hr after birth. The samples from 6 of these foals were collected before the first nursing, at hourly intervals from 2 to 12 hr after birth and at 24 hr after birth, the samples from one foal were collected before the first nursing and at 4, 6, 10, 12 and 24 hr after birth, and the samples from one foal were collected before the first nursing and at 4, 8 and 12 hr after birth. Paired colostrum and milk samples were also collected from all their dams at the same time.
In the case of 23 foals in which a total of 2 blood samples were taken, blood samplings were performed by venipuncture using a 21 G x 11/2"needle (NN-2138R, Terumo, Tokyo, Japan) both times. On the other hand, in the case of other 8 foals in which a total of more than 4 blood samples were taken, only the first blood sampling prior to the first nursing was performed by venipuncture using a 21 G x 11/2"needle (NN-2138R, Terumo, Tokyo, Japan), and subsequently, all blood samplings were performed using a 20 G x 2" polyethylene sterile IV catheter (Surflo IV Catheter SR-OT 2051C, Terumo, Tokyo, Japan), which was inserted into the left jugular vein and secured with tape. The site of catheter insertion was clipped and covered with an anesthetizing gel to minimize the response to the initial puncturing of the skin. Five milliliters of blood was collected using a syringe. The blood sample was transferred to a plane 10 ml evacuated tube (Venoject II VP-P100K, Terumo, Tokyo, Japan) immediately after blood collection and then centrifuged at 1,700 × g for 10 min to obtain serum. The total volume of blood collected within 24 hr after birth was up to 65 ml in the case of 13 times of collection. Colostrum and milk sampling was performed manually from both mammary glands separately. The udder area and end of the teat were cleaned using gauze dipped in 0.01% benzalkonium chloride solution to prevent infection before sampling. The first 2 flows of colostrum and milk were not collected, and subsequent flows were collected until the total volume reached approximate 2 ml. All serum, colostrum and milk samples were frozen within 3 hr and stored at −20°C until analyzed. Each sample was thawed and analyzed for each test.
Ninety-eight serum samples, comprising of 46 serum samples from 23 foals in which samples were collected before the first nursing and at 12 and 24 hr after birth and 52 serum samples from 8 foals in which samples were collected before the first nursing and at 4, 6, 8, 10, 12 and 24 hr after birth, were used for analyzing the ROC curve of the STP concentration and the relationship between the IgG concentration and STP concentration. Sixty-seven serum samples, comprising of 23 serum samples from 23 foals in which samples were collected at between 12 and 24 hr after birth and 44 serum samples from 8 foals in which samples were collected at 4, 6, 8, 10, 12 and 24 hr after birth, were used for analyzing the ROC curve of the DVSTP concentration and the relationship between the IgG concentration and DVSTP concentration. Seventy-one colostrum and milk samples, comprising of 12 samples from 6 dams in which samples were collected before the first nursing and at 12 hr after birth and 59 samples from 8 dams in which samples were collected before the first nursing and at 2, 4, 6, 8, 10, 12 and 24 hr after birth, were used for analyzing the ROC curve of colostrum/milk RI and the relationship between the IgG concentration of their foal and colostrum/milk RI. Fourteen colostrum samples from 14 dams were collected before the first nursing. Furthermore, fourteen serum samples from their foals were collected between 12 to 24 hr after birth. These samples were used for analyzing the relationship between colostrum RI before the first nursing and serum IgG concentration of their foal collected between 12 to 24 hr after birth. Fifty milk samples, comprising of 6 milk samples from 6 dams in which samples were collected at 12 hr after birth and 44 milk samples from 8 dams in which samples were collected at 4, 6, 8, 10, 12 and 24 hr after birth, were used for analyzing the ROC curve of colostrum/milk DVRI and the relationship between the IgG concentration of their foal and colostrum/milk DVRI. Seventy-eight serum and colostrum/ milk samples from 6 mares and their foals in which samples were collected before the first nursing, at hourly intervals from 2 to 12 hr after birth and at 24 hr after birth were used for observing the hourly changes in serum IgG concentration, STP concentration, DVSTP concentration, colostrum/ milk IgG concentration, colostrum/milk RI and colostrum/ milk DVRI.
Serum IgG measurement: Serum IgG concentration was determined using a commercially available SRID kit (Equine IgG SRID, Ecos Institute Co., Ltd., Miyagi, Japan), according to the manufacturer's instructions. The serum sample was diluted 1:21 with saline. The diluted sample (5 µl) was allowed to diffuse for approximately 72 hr in a humid chamber from 2-mm-diameter wells punched in the agar layers. Antiserum specific for the IgG to be measured was incorporated into the agar layers. Calibration curves were prepared using precipitation ring diameters of 50 mg/ dl and 200 mg/dl as the known standards. There is a linear relationship between the diameter of the ring and the logarithm of the antigen concentration. The concentration of IgG could be obtained by measuring the diameter of each sample precipitation ring. The values were then multiplied by 21 to obtain the IgG concentration of the original serum sample.
STP measurement: STP concentration was determined using a temperature-compensating refractometer (MAS-TER-SUR/Jα, Atago Co., Ltd., Tokyo, Japan), according to the manufacturer's instructions. The serum sample (approximately 300 µl) was placed on the glass prism of the refractometer and covered with a glass coverslip. The STP concentration was read by looking through the eyepiece while in front of light source.
Colostrum and milk IgG measurement: Colostrum and milk IgG concentrations of 78 samples from 6 mares, in which samples were collected before the first nursing, at hourly intervals from 2 to 12 hr and at 24 hr after birth, were measured by the SRID test in the same manner as the foal serum IgG concentrations were measured. The samples were diluted, and the dilutions ranged from 1:11 to 1:61 depending on their expected IgG concentration based on collection time.
RI measurement: The RIs of colostrum and milk samples were determined using a Brix refractometer (PAL-1 Brix refractometer, Atago Co., Ltd., Tokyo, Japan), according to the manufacturer's instructions. Calibration of the Brix refractometer was performed following the steps in the instruction manual prior to measurement. The colostrum/milk samples (approximately 300 µl) were placed on the prism surface of the Brix refractometer. The RI of the colostrum sample was directly recorded from the digital display. Colostrum and milk samples were collected from both mammary glands separately. The RIs of mammary colostrum and milk samples from both mammary glands were measured. The average RI from both mammary glands was employed as the true RI.
Statistical analysis: The IgG concentrations measured by the SRID test were used as the reference standard to which both assay results were compared. Analyses of relationships were performed as follows: 1) between the serum IgG concentration and STP concentration including the samples before the first nursing; 2) between the serum IgG concentration and the corresponding DVSTP concentration; 3) between the serum IgG concentration and the corresponding colostrum/ milk RI; 4) between the serum IgG concentration and the corresponding colostrum/milk DVRI; and 5) between the serum IgG concentration 12-24 hr after birth and the RI of colostrum before the first nursing. Linear regression analysis and Pearson's coefficients of correlation were used to assess each correlation.
Samples were classified on the basis of results of the serum IgG concentrations by the SRID test. A positive test result, which is considered to be a state of partial FPT or FPT, was defined as a serum IgG concentration<400 mg/dl and<800 mg/dl, respectively. A negative result, which is considered to be not a state of partial FPT or FPT, was defined as a serum IgG concentration≥400 mg/dl and≥800 mg/ dl, respectively. The sensitivity was defined as the probability of partial FPT or FPT based on each test. The specificity was defined as the probability of no partial FPT or FPT based on each test. Furthermore, the positive predictive value (PPV) was defined as the probability of partial FPT or FPT in the foals that had a positive condition as indicated by each test. The negative predictive value (NPV) was defined as the probability of no partial FPT or FPT in the foals that had a negative condition as indicated by each test. Sensitivity, specificity and PPV/NPV of each assay were calculated for the detection of serum IgG concentrations at breakpoints of<400 mg/dl and<800 mg/dl.
The cutoff value, which correspond to the break point of<400 mg/dl and<800 mg/dl of serum IgG concentrations, sensitivity, specificity and PPV/NPV for each test, was assessed by use of receiver operating characteristics (ROC) curve analysis with the ROCKIT 0.9β Beta version software (Kurt Rossmann Laboratories for Radiologic Image Research) [33] . In general, ROC curves can be used to identify the optimal cutoff value between positive conditions and negative conditions for diagnostic tests, with each value on an ROC curve representing a trade-off between sensitivity and specificity. Tests that combine high sensitivity with high specificity are best at discriminating between positive conditions and negative conditions. The area under the curve (AUC) of an ROC curve quantifies the overall ability of the test to discriminate between positive conditions and negative conditions. Reliability is expressed as the AUC of the ROC curve. An evaluation value is set to a maximum of 1 and a minimum of 0.5. Reliability is high, and a value exceeding 0.8 is considered excellent [14, 21] . On the basis of measures of minimal distance to the upper left corner of the ROC curve, an STP concentration of 4.6 g/dl, DVSTP concentration of 0.4 g/dl, RI of 21% and DVRI of 6% were most suitable as the cutoff values corresponding to the break point of<400 mg/dl for the serum IgG concentration, respectively. Similarly, an STP concentration of 4.8 g/dl, DVSTP concentration of 0.8 g/dl, RI of 18% and DVRI of 10% were most suitable as the cutoff values corresponding to the break point of<800 mg/dl for the serum IgG concentration, respectively. Therefore, a positive test status considered to be a state of FPT in each test was defined as an STP concentration<4.6 g/ dl, DVSTP concentration<0.4 g/dl, RI>21% and DVRI<6%, respectively. Similarly, a positive test status considered to be a state of partial FPT in each test was defined as an STP concentration<4.8 g/dl, DVSTP concentration<0.8 g/dl, RI>18% and DVRI<10%, respectively.
A repeated-measures ANOVA followed by Dunnett's test was applied to compare the temporal and hourly changes in the foal serum IgG concentration and the colostrum/milk IgG concentration. Statistical analyses were performed using the JMP v. 5.0.1 software (SAS Institute Japan Inc., Tokyo, Japan) with P<0.05 set for significance. 
RESULTS
Changes in foal serum IgG, foal STP, foal DVSTP, colostrum/milk IgG, colostrum/milk RI and colostrum/milk DVRI:
The pattern of change in each measurement value of 6 foals and mares that were sampled at hourly intervals is presented in Figs. 1 and 2 . The foal serum IgG concentration had a tendency to increase from 4 hr after birth. The foal serum IgG concentration at 8 hr after birth was significantly different from that before the first nursing (P<0.01). The hourly increment in the foal serum IgG concentration between 6 and 7 hr was the greatest; however, there was no significant difference among the different time points. On the other hand, the colostrum/milk IgG concentration had a tendency to decrease from 4 hr after birth. The colostrum/milk IgG concentration at 8 hr after birth was significantly different from that before the first nursing (P<0.05). The hourly decrement of the colostrum/milk IgG concentration between 5 and 6 hr was the greatest; however, there was no significant difference among the different time points.
Relationship between serum IgG concentration and each assay: The STP concentration, DVSTP concentration, and DVRI were significantly correlated with the serum IgG concentration (STP concentration, r=0.86, P<0.0001; DVSTP concentration, r=0.83, P<0.0001; and DVRI, r=0.85, P<0.0001). The RI was significantly negatively correlated with the serum IgG concentration (r=−0.77, P<0.0001). The correlations between the serum IgG concentration and corresponding value of the STP concentration, DVSTP concentration, RI and DVRI are presented in Figs. 3, 4 , 5 and 6, respectively. On the other hand, no significant correlation was found between the RI of colostrum before the first nursing and the serum IgG concentration 12-24 hr after birth (r=0.49, P=0.074. Fig. 5 ). One low serum IgG result with a high RI of colostrum, labeled A on Fig. 5 , was from a weak foal that failed to nurse colostrum until 10 hr after birth.
ROC analysis:
The AUCs of the ROC curves and the optimal cutoff values, based on the ROC analysis of each assay, are shown in Table 1 . In detecting serum IgG concentrations<400 mg/dl and<800 mg/dl, the AUCs of the STP concentration, DVSTP concentration, RI and DVRI exceeded 0.9, which was considered substantially accurate.
Sensitivity, specificity, PPV and NPV: The optimal cutoff value of each assay was selected by analysis of the AUC of the ROC curve. Sensitivity, specificity, PPV and NPV at the optimal cutoff value are shown in Table 1 . The NPV of the DVSTP concentration for detecting serum IgG concentrations<400 mg/dl(cutoff value of 0.4 g/dl) was 98.2%, and that for<800 mg/dl(cutoff value of 0.8 g/dl) was 91.3%, which was better than the NPV of the STP concentration, which was 87.3% at<400 mg/dl(cutoff value of 4.6 g/dl) and 86.4% at<800 mg/dl(cutoff value of 4.8 g/dl). The NPV of the DVRI for detecting serum IgG concentrations<400 mg/ dl(cutoff value of 6%) was 97.3%, and that for<800 mg/ dl(cutoff value of 10%) was 96.3%, which was better than the NPV of the RI, which was 91.9% at<400 mg/dl(cutoff value of 21%) and 87.5% at<800 mg/dl(cutoff value of 18%).
DISCUSSION
This study is the first to demonstrate the relationship between the DVSTP concentration or DVRI and serum IgG concentrations. The results of this study suggest that the DVSTP concentration and DVRI are useful methods for earlier and easier assessment of FPT in foals.
It has been suggested that FPT may be positively correlated with bacterial sepsis in foals [9, 10, 15, 31, 39, 40] . These results indicate that early diagnosis and treatment of FPT are important. It has been recommended that a newborn foal's serum should be tested as early as 8 to 12 hr after birth to assess whether adequate colostral IgG has been absorbed because a foal's ability to absorb colostral IgG is greatest during the first 6 to 8 hr and optimal absorption of colostral IgG occurs by 12 hr after birth [1] . The results of this study also demonstrated similar findings showing that a foal's ability to absorb colostral IgG is greatest during the first 6 to 8 hr. Thus, absorption of antibodies in the small intestine by specialized enterocytes, which non-selectively absorb the colostral immunoglobulins by pinocytosis and transfer them into the foal's blood, is greatest during the first 6 to 8 hr after birth. Absorption of immunoglobulins ceases by 24 to 36 hr after birth because the specialized enterocytes have been replaced by epithelial cells that are incapable of pinocytosis (i.e., gut closure) [16, 17, 19, 23, 36] . If a foal's IgG concentrations are low within 12 hr after birth, the foal could be given supplemental colostrum within 24 hr but preferably within 12 hr, because a foal's ability to absorb colostral IgG is significantly diminished by 24 to 36 hr after birth [16, 17, 19, 23, 36] . This means that early diagnosis and treatment of FPT are useful to save the expense of a plasma transfusion. Measuring a foal's serum IgG concentration is useful as an indicator of FPT in foals. Although the optimal concentration of IgG is uncertain, an IgG concentration of 400 to 800 mg/dl is commonly recommended, and intravenous administration of plasma is required in foals with an IgG concentration<400 mg/dl at 24 hr after birth [42] . However, several studies suggest that a foal with an IgG concentration of<800 mg/dl at 18 to 24 hr after birth should be administered intravenous plasma because a concentration of at least 800 mg/dl IgG provides a significantly higher survival rate and lower perinatal infection rate [3, 39] . Based on the clinical relevance, the definition of cutoff concentrations in this study was calculated for threshold values of 400 and 800 mg/dl.
Early detection of FPT has been useful to reduce the risk of disease in foals. When an early screening test for the detection of FPT is performed, a high sensitivity test must be selected. This ensures a high NPV test, hence identifying most foals with FPT. Furthermore, an early screening test needs to be easy, rapid, inexpensive to perform and accurate. Refractometry was chosen as an early screening test for measuring STP concentration in this study, because it can be rapid, inexpensive and convenient and does not require sending of samples to a specialized laboratory. However, the results of several reports have indicated that this test is an unreliable indicator of FPT in foals [12, 34, 41] . It is considered that the cause of these results is the wide range of STP concentrations in newborn foals before nursing colostrum [41] , unlike in calves [45] . This finding is not surprising given that dehydration and variable serum albumin concentrations in hypogammaglobulinemic foals can produce STP concentrations within the reference range for normal foals [25] . Measuring STP is an indirect way to estimate the IgG concentration and is based on the assumption that low STP after nursing colostrum reflects a failure in transfer of maternal antibodies [18] . On the other hand, several studies have suggested that STP concentrations using a cutoff value of<4.6 or 4.7 g/dl are likely to indicate FPT and that measurement of the STP concentration might be used as a guide to assess the IgG concentration if no other test is available or as an adjunctive test [12, 46] . In this study, the STP concentration was significantly correlated with the serum IgG concentration (r=0.86), which confirms the results obtained in a previous study (r=0.85) [41] . These results indicate that increases in STP in the neonate reflected IgG concentration. However, in this study as well as a previous study [41] , the wide dispersal of data points suggested that serious errors might result if the STP concentration is used to estimate FPT because the STP concentration before nursing varies from 3.1 to 4.8 g/dl, with an even greater variation in albumin fraction. As can be seen in Fig. 1 , some foals had a higher STP concentration before nursing colostrum than some older foals had after nursing colostrum. This suggests that measurement of STP concentration is an unreliable indicator of FPT, especially at low IgG concentrations. To solve the problem of the wide variance in STP concentrations, the DVSTP concentration before and after nursing colostrum was measured. The DVSTP concentration was significantly correlated with the corresponding serum IgG concentration (r=0.83), which showed a similar level of correlation with the STP concentration (r=0.86). The sensitivity of the DVSTP concentration for detecting a serum IgG concentration<400 mg/dl(cutoff value of 0.4 g/dl) was 90.9%, and that for<800 mg/dl(cutoff value of 0.8 g/dl) was 82.6%. Furthermore, the specificity of the DVSTP concentration for detecting serum IgG concentrations<400 mg/dl was 96.4%, and that for<800 mg/dl was 95.5%. These results highlight the fact that the DVSTP concentration before and after nursing colostrum is useful in assessing FPT in foals as a screening test. This method requires collecting blood twice: before nursing and 8 to 12 hr after birth. Minimal equipment is needed for this testing: a needle/syringe, centrifuge and refractometer. The RI of colostrum/milk was significantly negatively correlated with the serum IgG concentration (r=−0.77) in this study. On the other hand, the RI of colostrum was not significantly correlated with the serum IgG concentration 12-24 hr after birth (r=0.49) in this study, which was lower than the correlation in a previous study (r=0.64) [7] . This may be the result of differences in parameters between this study (n=14) and the previous study (n=52). One low serum IgG result with a high RI of colostrum, labeled A on Fig. 5 , was from a weak foal that failed to nurse colostrum until 10 hr after birth. Thus, measurement of the RI of colostrum is useful in assessing FPT in foals as an initial screening test, except in the case of foals that fail to nurse colostrum such as those that are weak or born prematurely. To solve this problem, when it was an unreliable means to assess FPT in a foal that fails to nurse colostrum, the DVRI before and after nursing colostrum was calculated. The DVRI was significantly correlated with the corresponding serum IgG concentration (r=0.85). The sensitivity of DVRI for detecting serum IgG concentrations<400 mg/dl(cutoff value of 6%) was 90.9%, and that for<800 mg/dl(cutoff value of 10%) was 94.7%. Furthermore, the NPV of DVRI for detecting serum IgG concentrations<400 mg/dl was 97.3%, which was the same level as that of the DVSTP concentration (98.2%), and that for<800 mg/dl was 96.3%, which was higher than that of the DVSTP concentration (91.3%). In general, if a test has a high NPV, it is suitable for identifying most positive conditions. Therefore, the high NPV of DVRI means that DVRI measurements before and after nursing colostrum are quite useful in assessing FPT in foals as an initial screening test. Furthermore, this test is procedurally easy to perform, allows for rapid interpretation and is more cost-effective than other commercially available test kits, including measurement of the STP concentration by a refractometer. On the other hand, in situations of failure to absorb colostral IgG in spite of ingesting sufficient colostral IgG, this method may be an unreliable indicator of FPT in foals. Measuring DVRI is an indirect method of estimating the IgG concentration based on previous reports that the RI of colostrum was highly correlated with the IgG concentration and well correlated with the serum IgG concentration in foals [7, 8] . Foals that are slow to suckle because of weakness or sickness are more likely to have a decreased efficiency of IgG absorption. Therefore, when these abnormalities are suspected, other direct tests for estimating the IgG concentration are recommended.
In conclusion, the results of this study clearly demonstrate that measurements of the DVSTP concentration and DVRI before and after nursing colostrum are useful in assessing FPT in foals as a screening test. The former test is effective in assessing a foal with IgG concentrations<400 mg/dl and<800 mg/dl when the cutoff value is set to 0.4 g/dl and 0.8 g/dl, respectively. The latter test is effective in assessing a foal with IgG concentrations<400 mg/dl and<800 mg/dl when the cutoff value is set to 6% and 10%, respectively. Both tests are as accurate as other commercially available test kits reported by a previous study [12] . The results particularly suggest that the measurement of DVRI is quite useful in assessing FPT in foals as an initial screening test "stall-side" because it has a relatively high NPV, and of more importance, it is procedurally easier to perform, allows for rapid interpretation and is more cost-effective than any other commercially available test kit. Treatment of foals with FPT can be greatly improved using this easy method, because foals with FPT can be assessed within 12 hr after birth by this method and immediate treatment with banked colostrum may be initiated.
